Protecting two sites on pine-wiregrass range from fsire caused a rapid reduction in herbage yields. Reintroducing fire on these sites resulted in significantly increased yields, but removal of old growth by hand clipping instead of burning caused a decrease in yield on the site with Olustee sand and an increase in yield on the site with Plummer sand. Although gallberry cover did not recover as rapidly after burning on the Olustee site as on the Plummer site, covariance analysis indicated that these differences in recovery did not fully account for the disparity in yield between burned and clipped plots on the two sites.
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Highlight
Protecting two sites on pine-wiregrass range from fsire caused a rapid reduction in herbage yields. Reintroducing fire on these sites resulted in significantly increased yields, but removal of old growth by hand clipping instead of burning caused a decrease in yield on the site with Olustee sand and an increase in yield on the site with Plummer sand. Although gallberry cover did not recover as rapidly after burning on the Olustee site as on the Plummer site, covariance analysis indicated that these differences in recovery did not fully account for the disparity in yield between burned and clipped plots on the two sites.
The use of fire in land management has vacillated over the years between full acceptability and unacceptability.
Indiscriminate or destructive use of fire has at times given it a bad name, although in other situations it is proclaimed as a valuable tool. No doubt these conflicting views arise because of the way fire has been used and the differing responses to burning of various plant communities or plant species. A primary need, it seems, is to examine plant responses to fire in differing plant communities.
For many years, prescribed burning has been suggested as a major factor in promoting and maintaining high forage yields in the South (Wahlenberg et al., 1939; Halls et al., 1952; Duvall, 1962) . And without it, many wiregrass species have been reported to become decadent with a reduction in ground cover (Halls et al., 1952 and 1956; Lemon, 1949; Hilmon and Hughes, 1965) . Fire supposedly benefits plant growth by increasing organic matter, mineral elements, and nitrogen in the soil (Metz et al., 1961; Ah&en and Ah&en, 1960; Heyward and Barnette, 1934) . However, Grelen and Epps (1967) concluded that litter removal on pine-bluestem range, either by mowing and raking or by burning, was the major cause of increased yields and improved quality of forage, primarily pinehill bluestem (Andropogon divergens (Hack.) Andress. ex Hitcht.) and slender bluestem (A. tener '(Nees) Kunth.). ' Fire has also proved valuable in slowing down gallberry (Ilex glabra (L.) A. Gray) growth (Hughes and Knox, 1964) , killing understory hardwoods ' (Lotti et al., 1960) , and, in combination with herbicides, in killing saw-palmetto (Serenoa repens (Bartr.) Small) and gallberry (Burton and Hughes, 1961; Altobellis and Hough, 1968) . These treatments increased forage yields, presumably by reducing canopy cover, which affects penetration of sunlight, and reducing plant competition for soil moisture and nutrients.
Canopy cover, as a measure of competition, has been shown to influence forage yields (Halls et al., 1956; Halls and Schuster, 1965; Hart et al., 1970) . Shading alone has been found to reduce growth of many southern plants ( Burton and Knox, 1959; Hart et al., 1970; Harshbarger and Perkins, 1971) . Without burning, gallberry, a major noxious shrub in the pine-wiregrass type, becomes large and robust, thereby shading much of the ground.
Therefore, burning to provide temporary reduction in shading by gallberry and other shrubs could be expected to increase yields of herbaceous plants. To further determine the effects of fire, an investigation was conducted on two south Georgia sites with differing soils and vegetation.
Data was collected to measure (1) the trend in forage yields with fire exclusion for a number of years, (2) the effect on yields of reintroducing fire as compared to litter removal by hand clipping, and (3) the relationship between gallberry cover and herbage yield.
Study Area and Design
The investigation was conducted at two sites with pinewiregrass vegetation on the Alapaha Experimental Range, Berrien County, Georgia, in the Lower Coastal Plain. The site with Olustee fine sand differed from that with Plummer sand by being wetter and devoid of pineland threeawn (Aristida stricta Michx.). Half of the study plots on each site were burned and half were left unburned but hand clipped to remove all herbaceous material. On the Olustee site, a completely randomized design of 38 burned and 38 unburned plots was used. On the Plummer site, a randomized complete block design with three replications was used. Half of each block was burned and the other half left unburned, and each contained 18 sample plots. These designs were required because of the earlier fire-herbicide studies.
Fire was applied to assigned plots in February 1964 on the Olustee site and in January 1965 on the Plummer site 
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IYields within a column marked with different superscripts are significantly different (P < .Ol).
( Fig. 1) . On the unburned plots, the litter (old dead growth and live topgrowth) of herbaceous plants was clipped 1 inch above ground and removed from the plot in order to facilitate easy recognition of the current year's growth of herbage and to ensure that all plots were similar in relation to accumulated litter. Gallberry was left undisturbed on the clipped plots. Measurements of vegetation were made in October after treatment. Herbage yield was sampled on permanent 9.6-f@ subplots established in the previous studies. The current growth of five species of categories was clipped about 1 inch above ground on each subplot. All samples were oven dried at 70 C to determine dry-matter yields. Before treatment and when yields were determined, average height of gallberry was determined, stems per 9.6-f@ subplot were counted, and percentage of ground cover was estimated on each plot.
Results and Discussion

Fire Protection
Before fire was applied, increased gallberry cover and litter accumulation both contributed to reduced herbage yields ( Table 1 ). The reduction in yield between the second and fourth years on the Olustee site averaged 295 pounds per year, which was about the same that occurred between the second and third years on the Plummer site. Therefore, these data indicate that trends in yearly reduction in yield were similar on both sites but that the Plummer site was inherently more productive than the Olustee site. Rainfall during the growing seasons when yields were measured was slightly less than average. However, even though the rainfall in 1962 was considerably less, it did not have a drastic effect on yields.
Reintroduction of Fire
After reintroduction of burning, yields of total herbage increased significantly (P < .Ol) on both sites (Table 2 ) over those last measured under fire protection (Table  1) . But litter removal by clipping produced a similar significant increase (P < .Ol) on the Plummer site, while on the Olustee site yields declined significantly (P < .05) after clipping.
This lack of consistency on the two sites is puzzling and suggests that factors other than litter removal by clipping or burning influence yields. Rainfall during the growing season measured 42 inches in 1964 and 37 inches in 1965. That both accumulations were greater than the long-term average or the accumulation in 1962 could explain some of the increases in yields. However, the continued decline after clipping on the Olustee site indicates that rainfall was not the major factor influencing yields. Herbage yields by individual species or groups were generally greater after burning than after clipping, although these differences were seldom statistically significant (Table 2) . Bluestem grasses were the only plants that yielded more after clip-HERBAGE RESPONSES TO FIRE 211 ping than after burning, but this response occurred only on the Plummer site. Measurements of gallberry before treatment indicated that no significant differences in cover or number of stems existed between the plots selected for burning and those selected for clipping. Stands of gallberry were similar and of wide range on both sites, although the gallberry on the Olustee site was older and taller and had slightly greater ground cover and fewer stems. On both sites, the burned and clipped plots exhibited the same range of conditions in approximately equal proportions. When (1) gallberry cover before treatment, (2) gallberry cover after treatment, and (3) number of stems before treatment were used as covariates, adjusting yields by covariance analyses had little effect on yields; therefore, only the unadjusted means were presented in Table  2 . These analyses indicated that the differences in yield between the burned and clipped plots were true effects and could not be attributed solely to differences in gallberry cover or number of stems.
Gallberry is a shrub which resprouts from underground rootstock.
On both sites, all gallberry stems on the burned plots were killed to ground level, but within 9 months they were about one-half as tall as the unburned stems (Table  3) . On the Olustee site, number of stems was significantly greater and ground cover was significantly less on the burned than on the unburned plots. These changes in height, numbers, and cover followed the pattern observed by Hughes and Knox (1964) . However, on the Plummer site, there were no significant differences in number of stems or ground cover; the gallberry had fully recovered the first year after burning.
Fire has only a temporary effect in controlling gallberry and the differing responses of gallberry on the two sites may offer a partial explanation for the differing yield responses on the two sites. Because gallberry cover is directly related to yields, as will be shown later, the more rapid recovery from burning may have prevented significant differences in yield from developing between the burned and clipped plots on the Plummer site.
Shrub-Herbage Relationships
Because the vegetation on the Plummer site was more typical of the upland areas of the pine-wiregrass type, the effects on herbage yield of gallberry cover and number of stems were analyzed by correlation-regression methods (Table 4) . As gallberry cover increased, herbage yields decreased; the correlation coefficient from unburned plots was slightly better than that from burned plots. The regression equations for burned and unburned plots were similar but indicated the slightly greater yield obtained from burned plots.
Herbage yields were also significantly correlated with the number of gallberry stems on unburned plots but were not significantly correlated on burned plots.
On both, yields decreased as the number of stems increased.
When data from the unburned plots were used, the multiple linear regression of yield on gallberry
